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[57] ABSTRACT 

A frequency conversion apparatus comprising a sampling 
circuit for receiving a first intermediate frequency signal 
extracted from an input signal and having a predetermined 
intermediate frequency and a predetermined band width and 
sampling the first intermediate frequency signal in accor- 
dance with a predetermined sampling frequency signal, to 
output a second intermediate frequency signal, and a sam- 
pling signal generator for outputting the sampling frequency 
signal to the sampling circuit, the sampling frequency signal 
having a frequency determined so that an integer multiple of 
not less than three times the sampling frequency is outside 
a frequency range of the input signal. 

19 Claims, 10 Drawing Sheets 
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FREQUENCY CONVERSION CIRCUIT AND As described above, the conventional frequency conver- 

RADIO COMMUNICATION APPARATUS sion ctadt has such Foblems that signals in a plurality of 

WITH THE SAME frequency bands before conversion may be superimposed on 

one another after frequency-conversion depending on the 

BACKGROUND OF THE INVENTION 3 sampling frequency, and that the amplitude of the output 

1. Field of the Invention s ^ *** «? ta »j» a low frequency band after frequency- 
_ . . conversion depending on the pulse width of the sampling 
The present invenuon relates to a frequency conversion rf ^ ft wM< . tQ Q ^ ut a ^.f^^ - micIia> 

circuit which is provided in, for example, a radio commu- ^ fr ^gnal with a j^^t dgnal leveL 
nication apparatus to frequency-convert a received radio 

frequency signal to an intermediate frequency signal or a 10 SUMMARY OF THE INVENTION 

baseband signal, and, more particularly, to a circuit which Accordingly, it is a primary object of the present invention 

executes frequency-conversion by sampling a radio fre- to provide a frequency conversion circuit which is able to 

quency signal. execute the accurate frequency-conversion over the entire 

2. Description of the Related Art frequency band targeted for reception in order to prevent the 
A conventional frequency conversion circuit of this type superimposition of unconverted signals in a plurality of 

comprises a sampling circuit and a square wave generator frequency bands from occurring after frequency-conversion, 

for supplying a sampling signal as a local oscillation signal It is another object of this invention to provide a fre- 

to this sampling circuit The square wave generator gener- quency conversion circuit capable of suppressing the reduc- 

ates a square wave signal of a frequency lower than that of tion of the signal level in a low frequency band to permit a 

an input radio frequency signal. The sampling circuit low-frequency intermediate frequency signal with a suffi- 

samples the input signal in accordance with the square-wave cient signal level to be outputted. 

sampling signal to frequency-convert the input signal to an E is a further object of this invention to provide a radio 

intermediate frequency signal communication apparatus equipped with a frequency con- 

The principle of this frequency-conversion will now be 2$ version circuit which can frequency-convert an input signal 

described. Let us denote the waveform of the band-limited of a plurality of channels in such a manner that the signals 

input signal in a time domain as r(t) and the spectrum of the after the frequency conversion are not superimposed on one 

input signal in the associated frequency domain as R(f). This another. 

spectrum R(f) is obtained by Fourier transform of r(t), and It is a still further object of this invention to provide a 

has a waveform as shown in FIG. 1. Given that the cycle of 30 radio communication apparatus equipped with a frequency 

a square wave (pulse width: Ts/2) equivalent to a local conversion circuit which can prevent input signals to a 

oscillation signal l(t) is denoted by T s as shown in FIG. 2, plurality of radio systems of different usable frequency 

the spectrum L(f) of this spectrum takes the form of an bands from being superimposed on one another and can 

impulse train with an interval T s (=l/F s ) multiplied by output a low-frequency mtermediate frequency signal with a 

sin(7rfT/2)/(7rfT s /2) as shown in FIG. 3. 35 sufficient signal level. 

The sampling of the input signal r(t) with this square wave According to the present invention, there is provided a 

l(t) is equivalent to the convolution of the spectrum R(f) of frequency conversion apparatus which comprises a sam- 

the input signal and the spectrum L(f) of the square wave in pling circuit for receiving an input signal having a prede- . 

the frequency domain. The sampling of the input signal r(t) termined intermediate frequency and a redetermined band 

with this square wave l(t) therefore yields a predetermined ^ width and sampling the input signal in accordance with a 

frequency signal as shown in FIG. 4. The center frequency predetermined sampling frequency signal, to output an iuter- 

R of this frequency signal is the difference between the mediate frequency signal, and a sampling signal generator 

center frequency F c of the input signal and the inverse f 0 r outputting the sampling frequency signal to the sampling 

number F s of the cycle T s of the square wave (F^-Fs). circuit, the sampling frequency signal having a frequency 

Depending on the value of the sampling frequency F$, 45 determined so that the frequency of the input signal is 

however, the frequency conversion circuit using such a excluded from a frequency range of an integer multiple of 

sampling system sometimes frequency-converts a plurality the sampling frequency and a frequency range less than Yi 

of input signals with different frequencies to have the same thereof. 

frequency band. That is, in the same frequency band after According to the present invention, there is provided a 

frequency-conversion, signals in a plurality of frequency 50 radio communication equipment comprising a frequency 

bands before conversion are superimposed on one another. conversion apparatus which comprises a first frequency 

When this superimposition occurs, a demodulator at the conversion circuit for receiving a reception signal sent from 

subsequent stage cannot reproduce any of those input one of a plurality of radio equipments of different PHS 

signals , resulting in disabling communication. frequency bands and converting the reception signal to a first 

The frequency-converted intermediate frequency signal is 55 intermediate frequency signal having a frequency lower than 
input to a digital signal processor (DSP) after being con- that of the reception signal, and a second frequency conver- 
verted to a digital signal by, for example, an A/D converter, sion circuit including a sampling circuit for sampling the 
and undergoes digital demodulating or decoding in die first intermediate frequency signal in accordance with a 
processor. In consideration of this digital signal processing, predetermined sampling frequency signal to output a second 
it is desirable that the frequency of the frequency-converted 60 intermediate frequency signal, and a sampling signal gen- 
intermediate frequency signal be as low as possible. erator for outputting the sampling frequency signal to the 

When the input signal is sampled with a square-wave sampling circuit, the sampling frequency signal having a 

sampling signal as mentioned above, however, the signal frequency determined so that the frequency of the first 

level of the baseband of the output signal after sampling intermediate frequency signal is excluded from a frequency 

significantly decreases depending on the pulse width of the 65 range of an integer multiple of the sampling frequency and 

square wave, so that a low-frequency intermediate fre- a frequency range less than V£ thereof, and a demodulator for 

quency signal with a sufficient signal level cannot be output demodulating the second intermediate frequency signal. 
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According to this invention, it is possible to perform FIG. 10 is a circuit block diagram showing the structures 

frequency-conversion in such a way that signals with a of the essential portions of a portable digital cellular phone 

plurality of frequencies before sampling are not superim- equipped with a frequency conversion circuit according to a 

posed on one another in the same frequency band after second embodiment of this invention; 

sampling. Signals of all the channels can accurately be 5 FIG. 11 is a flowchart illustrating the control sequence for 

frequency-converted so that they are not superimposed on setting the sampling frequency by a controller shown in FIG. 

one another. 10; 

Further, according to this invention, the radio communi- FIG. 12 is a circuit block diagram showing the structure 

cation apparatus with a frequency conversion circuit which c f a frequency conversion circuit according to a third 

can compute the optimal sampling frequency for frequency- io enjbodiment of this invention; 

conversion for each radio system to be communicated and pj G 13 j s a diagram exemplifying the waveform in a time 

can set the sampling frequency in the sampling signal domaill of a pulse train to be used as a sampling signal; 

generator. It is therefore possible to perform frequency- HG ^ a ^ $h ^ fr spectrum of 

conversion with the optimal samplmg frequency whichdoes the pulse train shown in FIG. 13; 

not cause supposition for any of a plurality of radio is ^ me ectnjm 

Sy ^T f 1 v r TZ^T\H.r,6io^ ** ^ermediate fre^ncy signi obtained b/sa^lmg the 

Furthermore, according o thus mvention, the radio com- £ ^ ^ ^ ^ 

munication apparatus, which has a frequency conversion v \ / . ^ _ 

circuit and uses a pulse train signal having a pulse width as *G. 16 is a circuit block diagram showing the structores 

a sampling signal to be used by this frequency conversion ™ <* the essential portions of a portable digital ceUular phone 

drcuiZ is provided with a circuit for commuting the optimal ^PI** with a frequency conversion circuit according to a 

sampling frequency and setting it in the sampling signal fourth embodiment of this invention; 

generator and a circuit for computing the orrimal pulse FIG. 17 is a flowchart illustrating the control sequence for 

width and setting it in the sampling signal generator, setting the sampling frequency by a controller shown in FIG. 

whereby frequency-conversion can be executed with a sam- 25 1<> ; 

pling pulse having the optimal sampling frequency which FIG. 18 is a block diagram of a radio communication 

does not cause supeximposition and having the optimal pulse apparatus using the frequency conversion circuit of the first 

width which can suppress the attenuation of the signal level, embodiment; 

with respect to any of a plui^ty of radio systems of diflerent fig. 19 is a block diagram of a radio communication 

usable frequency bands. 30 apparatus using the frequency conversion circuit according 

Additional objects and advantages of the invention will be to a fifth embodiment; 

set forth in the description which follows, and in part will be FIG. 20 is a block diagram of a radio communication 

obvious from the description, or may be learned by practice apparatus using a frequency conversion circuit which uses 

of the invention. The objects and advantages of the invention an ordinary frequency converter and oscillator in place of a 

may be realized and obtained by means of the instrumen- sampling circuit and a pulse train generator shown in FIG. 

talities and combinations particularly pointed out in the j9; m d 

appended claims. HG. 21 is a block diagram of a radio communication 

BRIEF DESCRIPTION OF THE DRAWINGS apparatus using a frequency conversion circuit which can 

H,e accompanying drawings, which are incorporated in 40 vary *e output frequency of the pulse train generator shown 

and constitute a part of the specification, illustrate presently 10 tLKj ' ' 

preferred embodiments of the invention and, together with DETAILED DESCRIPTION OF THE 

the general description given above and the detailed descrip- PREFERRED EMBODIMENTS 

tion of the preferred embodiments given below, serve to . 

explain the principles of the invention. 45 According to a portable digital ceflularphone equipped 

FIG. 1 is a diagram showing the frequency spectrum of an ™fc a frequency conversion circuit accordmg to the firs 

» & \ J r embodiment shown in FIG. 5, a radio communication signal 

input .signal before frequency-conyersion; communication channel from a base station 

FIG. 2 is a diagram showing the waveform in a tune . g cirC uit (RX) 3 via an 

domain of a square wave to be used as a sampling signal; % ^ ^ (mjp) 2 ^ receiver 

FIG. 3 is a diagram showing the frequency spectrum of 3 multiple stages ^ frequency conversion 

the square wave shown in FIG. 2; circuits to be described ia ter , i n w hich the radio communi- 

FIG. 4 is a diagram showing the frequency spectrum of an eatiou signal ^ with a rece i V er's local oscillation 

intermediate frequency signal obtained by sampling the produced by a frequency synthesizer (SYN) 4 to be 

input signal in FIG. 1 with the square wave in FIG. 2; 55 converte( i to an intermediate frequency signal. 

FIG. 5 is a circuit block diagram showing one example of * neciyed intermediate frequency signal IFS output 

the structure of a portable digital cellular phone equipped from me receiver c^uit 3 [ s converted by an analog-digital 

with a frequency conversion circuit according to a first (A/D) converter 7 to a digital signal DRS, which is in turn 

embodiment of this invention; to a digital demodulator (DEM) 6. This digital 

FIG. 6 is a circuit block diagram showing the structure of ^ demodulator 6 performs frame synchronization and bit syn- 

a receiver circuit shown in FIG. 5; chronization with respect to the received signal, and then 

FIG. 7 is a diagram showing the waveform in a time executes signal processing for digital demodulation. A digi- 

doraain of an impulse train to be used as a sampling signal; tal speech signal output from the digital demodulator 6 is 

FIG. 8 is a diagram showing the frequency spectrum of an subjected to error correction and decoding in an error 

impulse train to be used as a sampling signal; 65 correction decoder (CH-DEC) 8. The resultant signal is 

FIG. 9 is a diagram showing the frequency spectrum of aa decoded by a speech decoder (SP-DEC) 9. and is returned to 

intermediate frequency signal after frequency-conversion; an analog communication signal by a digital-analog (D/A) 
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converter 10. This analog communication signal is then intermediate frequency signal output from this low pass 

supplied to a loudspeaker U and is output therethrough. filter 38 is input via a second intermediate frequency ampli- 

A speech signal input to a microphone 12 is digitized by for 39 to the AID converter 7. 

an A/D converter 13, and an acoustic echo component is The frequency F s of the impulse train SP1 in the second 

canceled by an audio echo canceler ( AEQ 14. The resultant 5 fr^^ncy conversion circuit 35 is set as follows based on 

signal is then input to a speech coder (SP-COD) 15, which the center frequency and band width of the first received 

in turn encodes the digital speech signal by a coding system intermediate frequency signal which is the input signal to the 

such as the VSELP system. The coded digital speech signal sampling circuit 36. Given that the center frequency of the 

is subjected, together with a digital control signal from the fag received intermediate frequency signal to be input tp the 

controller 20A, to error correction and coding in an error io sampling circuit 36 is denoted by F c and the band width of 

correction coder (CH-COD) 16, and is then input to a digital thi s intermediate frequency signal is the frequency F 5 

modulator (MOD) 17. of the impulse train SP1 is so set as to satisfy the following 

The digital modulator 17 produces a modulated signal condition, 
according to the coded digital speech signal. This modulated 

signal is converted by a D/A converter 18 to an analog signal 15 2(F C +F B ) 2{F C -F B ) (i) 

which is in turn input to a transmit circuit fTX) 5. The r f c +f b t 5 r f c +f b "| 

transmitter circuit 5 mixes the modulated signal with the [ — 33^ — J ~ m [ — jr B — J - + 1) 
transmitter's local oscillation signal from the frequency 

synthesizer 4 to be converted to a radio frequency signal, where 

and men controls transmission power in accordance with a 20 

control signal TCS from the controller 20A. The radio m = 0 1 2, \ f c + F * 1 % 

frequency signal output from the transmitter circuit 5 is ' L 2F B J 
transmitted to the base station (not shown) from the antenna 

1 via the antenna duplexer 2. an( j [ ] indicates a gauss symbol. 

In the apparatus of this embodiment, the functions of the action 0 f ^ ^us constituted frequency conversion 

digital demodulator 6, the digital modulator 17, the error circuit will be described below. 

correction decoder 8, the error correction coder 16, the Assume that the first received intermediate frequency 

speech decoder 9, the speech coder 15 and the audio echo sigmd ^ waveform r{t) ^ ^ t^e doma in and the 

canceler 14 among the above-depicted circuits are accom- ^ spectrum R(f) ^ me frequency domain has been input to the 

plished by the digital signal processing executed by a digital saraplill g circuit 36. At this time, the impulse generator 37 

signal processor (DSP) 19. has g ene rated a plurality of impulse trains SP1 whose cycle 

The controller 20A has, for example, a micro-computer as ^ set t0 i s as shown in FIG. 7 and whose spectra L(f) in the 

the main controller and has control functions, such as the frequency domain are present at frequency intervals F s 

radio channel connection control and the communication 35 (=]fY s ) as shown in FIG. 8. 

control. A key input section 21 is provided with a transmis- ^ sainpling of &e ^ reC eived intermediate frequency 

sion key, an end key, a dial key and various function keys. $ ^ wim such m ^nlse tx ^ in SP1 is equivalent to the 

An LCD (Liquid Crystal Display) 24 is used to display the convolutioil of me frequency spectrum R(f) of the first 

telephone number of a communication destination terminal, received intermediate frequency signal and the frequency 

the operational status of the apparatus, etc. A power source 4Q spcctrum wf) of ^ impulse train SP1. As shown in FIG. 9, 

(POW)22producesthedesiredoperationvoltage V cc based thereforei a pi^ty of spectra appears from the sampling 

on the output voltage of a battery 23 and supplies the circuit 36 at intervals equivalent to F^N-F^ which is the 

operation voltage to the individual circuits. difference between the center frequency F c of the first 

The receive circuit 3 is constituted as follows. FIG. 6 received mtermediate frequency signal and the reciprocal of 

presents a circuit block diagram showing the structure of the 45 th e cy C i e -y s of the impulse train SP1 or the integer multiple 

receiver circuit 3. In the diagram, the received radio fre- of mc frequency N-F^. The low pass filter 38 selects one 

quency signal is amplified by a low noise amplifier 31, and 0 f those spectra which has the lowest center frequency and 

is then input to a first mixer 32. The mixer 32 mixes the supplies it as the second received intermediate frequency 

amplified signal with the local oscillation signal output from signal to the A/D converter 7. 

the frequency synthesizer 4 to be converted to a first 50 ^ m$ embodiment, the frequency F 5 of the impulse train 
received intermediate frequency signal. This first received spl k gct tQ ^ valuc within mc ^ ycn Dy th e 
intermediate frequency signal is sent through a first inter- above -given equation (1). The equation (1) satisfies a con- 
mediate frequency filter 33 and a first intermediate^ fire- mon ^ an intcgcr multiplc not lcss ^ three times the 
quency amplifier 34 to a frequency conversion circuit 35 sampling frequency is outside a desired signal frequency 
according to this invention. 55 band j^ us ^ signal can bc frequency-converted 

The frequency conversion circuit 35 comprises a sam- without superimposing the desired signals on one another, 

pling circuit 36, an impulse generator 37 as a sampling Tne above ^ be described more specifically. Suppose 

signal generator and a low pass filter 38. ^ cen ter frequency V c of the first received interme- 

The impulse generator 37 generates an impulse train SP1 frequency sig^ fe 2 000 MHz and the band width 2-F* 
whose frequency is previously fixed, and supplies it to (he 60 h 2Q MH ^ Lc ^ signal & a ban d signal of 
sampling circuit 36. The sampling circuit 36 samples the im MRz {Q 2010 MIfc TOc frequency F s of the impulse 
first received intermediate frequency signal in accordance ^ SP1 which satisfies the condition of this embodiment is 
with the impulse train SP1 from the impulse generator 37, expressed as follows from the equation (1). 
and sends the sampling output as a second received inter- 
mediate frequency signaL The low pass filter 38 selectively 65 4020 3980 (2) 
passes the lowest-frequency desired signal from among the 100 -m <Fs< ioo-(Wi-H) [MHzl 
output signal from the sampling circuit 36. The received 
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If Nl=19, for example, the equation (2) becomes generator, whereby frequency-conversion is executed with 

" the optimal sampling frequency that does not cause super- 

4020 3980 flLflI1 (3) imposition for any of a plurality of radio systems of different 

106-13" lMHz]<F5< "ibo-2D lMHzl usable frequency bands. 

5 FIG. 10 presents a circuit block diagram showing the 

That 1S » structures of the essential portions of a portable digital 

49.63 [MHr]<F^<49.75 [MHzj (4) cellular phone equipped with a frequency conversion circuit 

in accordance with this condition, F^49.7MHz is according to this embodiment 1^ or same reference 

selected as the sampling frequency, for example, and the numerals as used in FIG. 6 are also used in FIG. 10 to denote 

olcm^n freque^ofLimpmse generator! set to this to corresponding or identical components and thar detailed 

frequency F*. Accordingly, the 2010-MHz frequency com- descriptions will not be given. 

potent of the input signal i S frequency-converted to have a IT* frequency conversion ^orcui : 45 of _to a***™* 

frequency of 2010-(49ax40)=22 MHz, the 2000-MHz fie- composes a sampling orcmt 36 an imj^ ' ge^rator 47 

quencyTornponentis frequency-converted to have a fre- and a low pass filter 48 con muted of an acbve fite who c 

Lncv of 2000-(497x40>=12 MHz, and the 1990-MHz is cut-off frequency can be variably set externally. The impulse 

£m Utov^o^ to have a generatordTisconstitutedof a frequency s^ = r whose 

frequency of 1990-(49.7x40)=2MHz. In other words, every oscillation frequency can be vanably set externally u ; <us- 

of 1990 MHz or above and of 2010 MHz or cussed earlier This impulse generator 47 generates an 

below if frequent-converted to a signal of 2 MHz to 22 i»P^e train SP2 of a frequency corresponding to the 
SET so S no s£L within thfa range overlap one zo oscillation frequency control signal SYS supphed from a 

jvuic uu " " 6 or controller 20B. The low pass filter 48 can vanably set the 

"if toe sampling frequency F s is set to an arbitrary value cut-off fr«,uencyF clI , in accordance with a^t-off frequency 

una does nolm«t the condition of the equation (1), e.g., control signal CPS ^supplied from the controller 20B. 

49 875 MHz the 2010-MHz frequency component of the The controller 20B has a samphng frequency setting 
£ut signS h frequency-converted to have a frequency of 25 controldraut 201 in addition to the (Hmnajy ton* 

20W9,7 T ^^ ^J^^SE^jS 

^^^T^Z^Z^ cation donation is s^tchedto anoth* o^ control 

coWncntofthetoputsignalisalsofrequency-convertedto circuit 201 computes (he °^ ara ^ s ^}^J^^^^i^ 

a^nal of (49.875xVl990=5MHzsothatthis frequency 30 accordance with the equation (1) * e 

overlaps the sienal frequency obtained by frequency- q»«»cy F c and band width F, of the frequency band the 

radio channels lying in the range between 1990 MHz and control signal (division frequency designating signal) SYS 
2000 MHz are supposed on one another so that every designates the computed optiinalsamcdmg frequ^ F, 

scS^r"" 990 * 35 »jssrt ^srasB 

*f^X2££S&**». urc frequency quency F , ^^Z^lltZZ^ 

conversion drcnit, which causes the samphng circuit 36 to samphng frequency F* and toe cut-off frequency control 

LpletoefintreidvedmtermedktefreTuency signalwito » "H*" 1 * the ^Tm^t to .witch 

SpulsetTainSPlgeneratedbytheimpulsegenerator37, 40 NWth toe above structore, when an «nstm*on to switch 

"provided with toe impulse generator 37 which selects an *e first digrtal radio system which a commumcation s^ice 

arbtory value in toe frequency range that meets the con- P«»vM«uses to the second 4*dnd» system of a different 

^Sen in toe equation ( 1) as trampling frequency F, -able frequency b ^ t ^™f«'Z^^T 

and generates toe inrpulse train SP1 of this selected sam- ^er 20B computes toe optimal sampling fluency F„ 

pling frequency F^rdingly.ln other words, the sampling 45 and cut-off frequency F„„ in accordance with toe sequence 

frequency is determined so that the frequency band of the iUustratedinFIG.il. 

S^Ll excludes an integer multipk not less than three first, toe center frequency and frequency band F„ of 

«4.c hT. cmniino fr«inenrv F * e switched second digital radio system are read from a 

^JSS^^ perform frequency- memory ia the controller 20B ^-IJ- 

conversion in such a manner that a plurality of unsampled so arbitrary value for Nl is determined in step lb. Next the 

signals with different frequencies do not overlap one another left-hand side of the equation (1) 
in the same frequency band after sampling. The accurate 

frequency-conversion can be accomplished without super- ^ c+ B) 

imposing the channel signals of all the frequencies over the T fc+flg 1 _ m 

entire frequency band of a single radio system targeted for 55 L 2FS J 

radio communication. i s computed in step 7c, and the right-hand side of the 

In the above embodiment since the second frequency equation (1) 
conversion circuit 35 provides with the filter 38 connected to 

the next stage of the sampling circuit 36, the filter 38 is not ^Fc - F§) ( 6 ) 

always required. 60 r f c +Fb 1 

There will now be described a second embodiment here- I — ^ — J -(/V1 + 1) 
in after. 

According to the second embodiment, a portable digital is computed in step 7<*. In step 7c, a proper value is selected 

cellular phone, which has a sampling type frequency con- from the range expressed by those values, and it is set as the 

version circuit is provided with means for computing the 65 sampling frequency F^. Then, the division frequency cor- 

optimal sampling frequency for frequency-conversion and responding to the sampling frequency F, 2 is set in the 

variably setting the sampling frequency in a sampling signal impulse generator 47 in step If. 
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The controller 20B computes the frequency after train SP1 discussed in the section of the first embodiment It 

frequency-conversion which corresponds to the sampling is however actually impossible to produce a pulse train 

frequency in step 7g y and determines the cut-off fre- having no pulse width at all. By setting the pulse width T P 

quency F eia2 of the low pass filter 48 in accordance with the 0 f the sampling pulse to the value that meets the condition 

computed frequency in step 7/t. In step 7i, the designation 5 expressed by the equation (7), it is possible to suppress the 

control signal CFS of the determined cut-off frequency F CMf2 . attenuation of the amplitude of the signal after frequency- 

As a result, the impulse generator 47 generates the conversion particularly in the low frequency band, 

impulse train SP2 of the designated sampling frequency F j2 Th e above will be described more specifically. Suppose 

thereafter. When communications start in this situation, mat ^ center frequency F c of the input signal to the 

therefore, the sampling circuit 36 samples the first received 10 sampling circuit 36 is 2000 MHz and the band width F B 

intermediate frequency signal with the impulse train SP2 of thereof is 20 MHz, i.e., the input signal is a band signal of 

the frequency F^. At this time, the frequency F rt of the ^990 MHz to 2010 MHz. The sampling frequency F^ is set 

impulse train SP2 is the signal obtained by perforating t0 49 7 y^ z ^ discussed in the section of the first embodi- 

frequency-conversion in the controller 20B in such a way ment Accordingly, the 2010-MHz frequency component of 

that a plurality of signals with different frequencies before 15 ^ mput signa i & frequency-converted to have a frequency 

frequency-conversion should not be frequency-converted to 0 f 2010-(49.7x40)=22 MHz, the 2000-MHz frequency 

have the same frequency. Even when radio communications component is frequency-converted to have a frequency of 

are to be performed with the second digital radio system, the 2000-(49.7x40)=12 MHz, and the 1990-MHz frequency 

accurate frequency-conversion can be executed over the component is frequency-converted to have a frequency of 

entire usable frequency band without causing the superim- 20 1990-(49.7x40)=2 MHz. This is the same as described in 

position of a plurality of channel signals. fa c section of the first embodiment. 

Because the cut-off frequency T cut of the low pass filter 48 Assume that the pulse width T P of the sampling pulse 

is set back to the optimal value, it is possible to accurately ts ^ R is sct t0 x nscc OT Fp= i QHz. With T P denoting the 

extract the spectrum with the lowest frequency from a pui se width of the pulse train, the frequency spectrum is the 

plurality of spectra appearing on the output of the sampling 23 ^^sc train of F s (=1/T 5 ) multiplied by sm(7tfr p )/(jrfl>), 

circuit 36, thereby allowing the received intermediate fre- so mat foe frequency spectrum actually becomes the impulse 

quency signal of as low a frequency as possible to be ^ ^ Fff 49 7 mh z multiplied by smiTd-lxlQr 9 )/^!* 

supplied to the digital signal processor at the subsequent y/hen the maximum level is set to "1," therefore, the 

stage. relative value of the level of the 2-MHz signal obtained by 

In the second embodiment, since the second frequency ^ frequency-converting the 1990-MHz signal becomes 
conversion circuit 45 provides with the filter 48 connected to 

the rear stage of the sampling circuit 36, the filter 48 is not s ]^ n . 1990 x 106 • 1 x io-*y(it . 1990 x 106 ■ 1 x icr*) = (8) 
always required. 

There will now be described a third embodiment herein- x 

aft^- 35 Likewise, the relative values of the levels of the 12-MHz 

In the third embodiment, when a pulse signal having a sigQal ^ 22-MHz signal become -7,47xl0" 7 and 5.04x 

pulse width is used as a sampling signal, the attenuation of 10 -^ respec tiYely. It is apparent that the output level of the 

a frequency-converted signal in a low frequency range after sign ^ aftcr frequency-conversion may greatly reduce 

frequency-conversion is suppressed by setting the value of depending on the pulse width T P of the sampling pulse, 

the pulse width to the value that satisfies a predetermined ^ ff ^ ^ t T ^ of ^ pu i sc j s sct to mc 

condition, thereby obtaining as low an intermediate fre- va i U e that meets the condition expressed by the equation (7), 

quency as possible by the frequency-conversion by the however? it is possible to suppress the attenuation of the 

sampling. amplitude of the signal after frequency-conversion. The 

FIG. 12 is a circuit block diagram showing the structure conditiona i equation of the equation <7) becomes 

of a frequency conversion circuit according to this embodi- ^ 
ment Like or same reference numerals as used in FIG. 6 are 

also used in FIG. 12 to denote corresponding or identical 200CWV2[MHz)<Fp<l990/rA r 2-lXMHz] (9) 
components and their detailed descriptions will not be given. 

The frequency conversion circuit 55 of this embodiment Suppose 

has a pulse train generator 57. This pulse train generator 57, 50 F-=402<W3 (to) 

like the impulse generator 37 discussed in the section of the f!= ^ 

first embodiment, is so designed as to generate a pulse train Given that N3=5, then Fp?=804 MHz or T^l.244 nsec, and 

SP3 having a pulse width T P whose inverse number is set me relative value of the level of the signal obtained by 

to an arbitrary value within a range indicated by frequency-converting the 1990-MHz signal becomes 

55 

Fc + Fb Fc-Fb (7) 8 in(jc • 1990 x 106 - 1.244 x lO-*y(n • 1990 X 106 • (11) 



"773 <Fp< m-i 



1.244 X HT 9 ) = 0.128 



where N2=2, 3, 4 

The action of the frequency conversion circuit according Likewise, the relative values of the levels of the 12-MHZ 

to this embodiment will now be described. 60 signal and 22-MHz signal become 0.128 and 0.127. It is 

If a pulse train having a pulse width T^, as shown in HO. therefore possible to suppress the reduction in signal level 

13 is used as the sampling signal, the amplitude has the after frequency-conversion as compared with the case where 

shape of sin(7rfT / >)/(nfT i ,) as shown in FIG. 14 due to the 1 P is set to lxlO" 9 . 

pulse width T P , so that the signal after frequency-conversion According to this embodiment, as described above, the 

may considerably attenuate in the low frequency band as 65 frequency conversion circuit which uses a pulse train having 

shown in FIG. 15. To prevent such attenuation, the pulse a pulse width as a sampling signal is provided with the pulse 

width should be reduced sufficiently like that of the impulse train generator 57 which generates the pulse train whose 
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frequency F s is set to the value that satisfies the condition of 
the equation ( 1) and whose pulse width T P is set to the value 
that satisfies the condition of the equation (7). It is therefore 
possible to prevent superimposition from occurring in the 
spectra after frequency-conversion, and to suppress the 
attenuation of the signal level of the frequency-converted 
signal in the low frequency band to output the received 
intermediate frequency signal having a sufficiently large 
signal level in the low frequency band, regardless of the use 
of the pulse train having the pulse width 

There will now be described a fourth embodiment here- 
inafter. 

According to this embodiment, a portable digital cellular 
phone, which has a sampling type frequency conversion 
circuit and uses a pulse train having a pulse width as a 
sampling signal, is provided with a circuit for computing the 
optimal sampling frequency for frequency-conversion and 
variably setting the sampling frequency in a sampling signal 
generator and a circuit for computing the optimal pulse 
width and variably setting the pulse width in the sampling 
signal generator, whereby frequency-conversion is executed 
with the sampling pulse which has the optimal sampling 
frequency that does not cause superimposition for any of a 
plurality of radio systems of different usable frequency 
bands and has the optimal pulse width that can suppress the 
attenuation of the signal level. 

FIG. 16 presents a circuit block diagram showing the 
structures of the essential portions of a portable digital 
cellular phone equipped with a frequency conversion circuit 
according to this embodiment Like or same reference 
numerals as used in FIG. 10 are also used in FIG. 16 to 
denote corresponding or identical components and then- 
detailed descriptions will not be given. 

The frequency conversion circuit 65 of this embodiment 
comprises a sampling circuit 36, a pulse train generator 67, 
and a low pass filter 48 constituted of an active filter whose 
cut-off frequency can be variably set externally. The pulse 
train generator 67 is constituted of a frequency synthesizer 
whose oscillation frequency can be variably set externally 
and a pulse width modulation circuit for variably setting the 
pulse width of a pulse train output from this frequency 
synthesizer. This pulse train generator 67 generates a pulse 
train SP4 of a frequency, which corresponds to the oscilla- 
tion frequency control signal SYS supplied from a controller 
20C and has a pulse width T P corresponding to a pulse width 
control signal PWS. 

The controller 20C has a sampling frequency setting 
control circuit 201 and a pulse width setting control circuit 
202 in addition to the ordinary control functions like the 
radio channel connection control and communications con- 
trol. When the radio system at the communication destina- 
tion is switched to another one, the control circuit 202 
computes the optimal pulse width T^ in accordance with the 
equation (7) based on the center frequency F c and band 
width of the frequency band the switched new radio 
system uses. The pulse width control signal PWS for des- 
ignating the computed optimal pulse width T P is supplied to 
the pulse width modulation circuit of the pulse train gen- 
erator 67. The function of the sampling frequency setting 
control circuit 201 is the same as that of the control circuit 
201 of the second embodiment (FIG. 6). 

With the above structure, when an instruction to switch 
the first digital communication system which one carrier 
uses to the second digital radio system of a different fre- 
quency band which another carrier uses, the controller 20C 
computes the optimal sampling frequency F 52 and cut-off 
frequency F oui2 in accordance with the sequence illustrated 
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in FIG. 11 first, and then sets the computed optimal sampling 
frequency F^ and cut-off frequency V cttf2 in the frequency 
synthesizer in the pulse train generator 67 and the low pass 
filter 48, respectively. 
5 Next, the controller 20C executes control to compute the 
pulse width T n in accordance with the sequence illustrated 
in FIG. 17. First, N2 is arbitrarily set in step 13a, and 

Fc+Fb < 12 ) 

10 

F c -Fb (13) 
N2-1 

15 are computed in step 13d. In step 13e, the pulse width T^ 
(=1/Fp2) is obtained from F P and the pulse width control 
signal PWS for setting this pulse width T^ is supplied to the 
pulse width modulation circuit of the pulse train generator 
67. Therefore, the pulse train generator 67 generates the 

20 pulse train SP4 of the sampling frequency F w designated by 
the controller 20C and having the pulse width T w thereafter. 
When communications start in this situation, therefore, the 
sampling circuit 36 samples the first received intermediate 
frequency signal with the impulse train SP4 having the 

25 frequency and pulse width T^. 

At this time, the frequency F S2 of the pulse train SP4 is 
changed by the controller 20C in such a manner that a 
plurality of signals with different frequencies before 
frequency-conversion are not frequency-converted to have 

30 the same frequency. Even when radio communications are to 
be performed with the second digital radio system, therefore, 
the accurate frequency-conversion can be executed over the 
entire usable frequency band without causing the superim- 
position of a plurality of channel signals. 

35 Because the cut-off frequency F^ of the low pass filter 
48 is set to the optimal value, it is possible to accurately 
extract the spectrum with the lowest frequency from a 
plurality of spectra appearing on the output of the sampling 
circuit 36, thereby allowing the received intermediate fre- 

40 quency signal having as low a frequency as possible to be 
supplied to the digital signal processor at the subsequent 
stage. 

Further, the pulse width T n is also changed by the 
controller 20C to the value that prevents the signal level after 

45 frequency-conversion from significantly attenuating in the 
low frequency band. Even when a radio signal coming from 
the second digital radio system is to be received, therefore, 
it is possible to output the received interrnediate frequency 
signal with a sufficiently large signal level in the low 

50 frequency band without causing significant attenuation of 
the signal level of the frequency-converted signal in the low 
frequency band. 

There will now be described a fifth embodiment herein- 
after. 

55 It is understood that by using the sampling frequency F s 
that satisfies the condition depicted in the section of the first 
embodiment (FIG. 6), the input signal can be frequency- 
converted to have a frequency in the vicinity of the base 
band without superimposition of the desired signal on 

60 another signal. According to the fifth embodiment, when the 
band signal in the input signal consists of a plurality of 
narrow band signals, signals in a desired arbitrary channel 
are always converted to have the same intermediate fre- 
quency lower than that of the desired arbitrary channel. This 

65 embodiment is adapted for the frequency-conversion of a 
system which comprises 77 narrow band signals or so-called 
"channels'* in the band of 23.1 MHz like PHS. 
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In executing demodulation with such a system, it is WhenNl=51 in the equation (1), the range of the sam- 

desirable that the intermediate frequency after frequency- pling frequency F s is as follows, 
conversion be the same for the purpose of easily constituting 

the subsequent-stage circuit by a frequency converter. [mhz] <Fs< .J? 8 " [MHz] 

In this embodiment, the received signal can always be 5 

converted to have the same intermediate frequency by OT 
setting the sampling frequency F s as follows. The value of 

Nl in the equation (1) should be selected to be an integer that 82 04 ^3 <F a <S292 (MHz). 

meets the following condition. VThtn Nl=50 in the equation (1), the range of the sam- 

10 pling frequency F s is as follows. 



(14) 



[MHz]<F,<- T ^ r [MHz] 



The use of Nl that meets this condition allows the 
intermediate frequency F IF to always be 2F B by changing the or 
sampling frequency F s in accordance with the channel to be 15 
demodulated. [] indicates a gauss symbol and represents the 1 s 3 

maximum integer which does not exceed the number inside The following describes the case of PHS. For the PHS, the 
the symbol. center frequency F c =1906.55 MHz and the band width 

Given that the center frequency of the desired channel is 2Fg=231 MHz. That is, the input signal is a band signal 
F„, the sampling frequency F s is determined from the 20 ranging from 1895.0 MHz to 1918.1 MHz. There are 77 
following equations. channels at intervals of 300 kHz in this band. That is, the first 

When [Ty+Ffl/ZFjJ-Nl is an odd number, channel is 1895.15 MHz, the second channel is 1895.45 

MHz and so forth, and the last, 77th channel is 1917.95 
F n -2F B (is) MHz. In this case, Nl that meets the following condition 

Fs = {[^ c + JV2Fg] - (M + 1)>/2 — 25 should be selected from the above equations in order to 

always ensure the frequency-conversion to the same inter- 
When [Fc+F^FJ-Nl is an even number, mediate frequency. 

r r» + T*B (16) 3 + 165.07 , 

Fs ~ wznvwx^mfi 3 0 M>83 4 40,98 

This will be explained with reference to a specific 

example. When Nl=42 and the intermediate frequency F 7 ^23.1 

Assume that the center frequency F c of the input signal is MHz, for example, [Fc+F^FJ-Nl is an odd number, so 

2000 MHz and band width 2F* is 20 MHz. That is, the input that the saniplmg frequency F 5 for the desired signal of die 
signal is a band signal ranging from 1990 MHz to 2010 35 *J duud or 1895.15 MHz should be (1895.15-23 1)/ 

MHz. It is also assumed mat there are 40 channels at {83-<42+l)}/2=93.6025 MHz. For the second channel or 

Sals of 5^0 kHz in this band. That is, the first channel ^ the ^ILSS!^^^ 

forth, and toe last, 40th channel is 2009.075 MHz. In this (1917.95-23. l)/{ 83^42+1)^4 4725 MHz, 

case, Nl that meets the following condition should be AO m=41 mc mtermcdiate frequency F 7 ^20 

selected from the equations (15) and (16) in order to always MHz> fe exampIe> [F^^OTJ-Nl is an even number, so 
ensure the frequency-conversion to the same intermediate mat sampling frequency F s for the desired signal of the 
frequency. first channel or 1895.15 MHz should be ( 1895. 15+23. iy 

(83-41Y2=9134524 MHz. For the second channel or 
jvi>ioo — 3 + 300 = &L =49.25 45 1895.45 MHz, the sampling frequency F s should be 

4 4 (1895.45+23.1)/(83-41)/2=91.35952 MHz. For the 77th 

channel or 1917.95 MHz, the sampling frequency F s should 
When Nl=51 and the intermediate frequency F„r=20 be (19 17.95+23. l)/(83-4iy2=92.43095 MHz. 
MHz, for example, [Fc+F^FJ-Nl is an odd number, so According to this embodiment, as described above, an 
that the sampling frequency F 3 for the desired signal of the 50 arbitrary signal in a plurality of band signals in a given band 
first channel or 199025 MHz should be (1990.25-20y can always be converted to have the same mtermediate 
{ 100-(51+l)}/2=82.09375 MHz. For the second channel or frequency, thus contributing to the significant simplification 
1990.75 MHz, the sampling frequency F 5 should be of the circuit at the subsequent stage of the frequency 
(1990.75-20)/{100-(51+l)}/2=82.1146 MHz. For the 40th converter. 

channel or 2009.75 MHz. the sampling frequency F s should 55 A description will now be given of the sixth embodiment 
be (2009.75-20)/{100-(51+1)}/2=82.9063 MHz. which is the first embodiment adapted for use in a radio 

When Nl=50 and the intermediate frequency F /J7 =20 communication apparatus. 
MHz, for example, [Fc+F^FJ-Nl is an even number, so As shown in FIG. 18, the received signal coming from the 
that the sampling frequency F s for the desired signal of the antenna is amplified to the desired level by a low-noise 
first channel or 199025 MHz should be (199O.25+20y(10O- 60 amplifier 101. The amplified signal is input to a band-pass 
50)/2=80.41 MHz. For the second channel or 1990.75 MHz, filter 102 to be band-limited. The band-limited output signal 
the sampling frequency F s should be (1990.75+20y(10O- of the band-pass filter 102 is sampled by a sampling circuit 
50y2=80.43 MHz. For the 40th channel or 2009.75 MHz, 103 of the type used in the first embodiment The sampling 
the sampling frequency F 5 should be (2009.75+20)/(100- pulse is produced from a pulse train generator 104, and its 
50y2=8 1.19 MHz. 65 frequency satisfies (he condition mentioned in the section of 

All of the above frequencies satisfy the equation (1) in the the first embodiment The signal sampled by the sampling 
first embodiment. circuit 103 is input to an A/D converter 106. 
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Through the above operation, the analog input signal is cient high level, without superimposing the signals from a 

converted to a digital signal. This digital signal undergoes plurality of radio systems of different frequencies on one 

channel selection to be demodulated by a digital signal another. 

processor 109. The digital signal after the A/D conversion Additional advantages and modifications will readily 

may include a plurality of channels. It is possible to easily 5 occur to those skilled in the art Therefore, the invention in 

demodulate a plurality of channels at a time by selecting a its broader aspects is not limited to the specific details, and 

plurahtyofchaimelsandp^ representative devices shown and described herein, 

digital signal processor. Accordingly, various modifications may be made without 

A description will now be given of the seventh embodi- departing from the spirit or scope of the general inventive 

ment which is the fifth embodiment adapted for use in a 10 concept as defined by the appended claims and their equiva- 

radio communication apparatus. lents. 

As shown in FIG. 19, the received signal coming from the What is claimed is: 

antenna is amplified to the desired level by a low-noise 1. A frequency conversion apparatus compnsmg: 

amplifier 101. The amplified signal is input to a band-pass a sampling circuit for receiving an input signal having a 

filter 102 to be band-limited. 15 predeterrriined mtermediate frequency and a predeter- 

The band-limited output signal of the band-pass filter 102 mined band width and sampling the input signal in 

is sampled by a sampling circuit 103 of the type used in the accordance with a Redetermined sampling frequency 

first embodiment The sampling pulse is produced from a signal, to output an intermediate frequency signal; and 

pulse train generator 104, and its frequency satisfies the sampling signal generating means for outputting the sam- 

condition mentioned in the section of the fifth embcjdiment 20 pling frequency signal to the sampling circuit, the 

The signal sampled by the sampling circuit 103 is always sampling frequency signal having a frequency deter- 

frequency-converted to have a certain intermediate fre- mined so that an integer multiple of not less than three 

qucncy as discussed in the section of the fifth embodiment times the sampling frequency is outside a frequency 

The sampled intermediate frequency signal is input to a range of the input signal. 

band-pass filter 110. This filter 110 serves to prevent the 25 2. A frequency conversion apparatus according to claim 1, 

signal obtained by the sampling by a second sampling circuit wherein said sampling signal generating means comprises a 

111 at the subsequent stage from superimposing on the sampling signal generator for generating a pulse train signal 

intermediate frequency signal. The characteristic of the filter as the sampling frequency signal, the pulse train signal 

110 is determined by the fixed sampling frequency of a having a frequency F 5 previously set to an arbitrary value 

second pulse train generator 112 then. In the sampling at the 30 within a range indicated by 
second stage, the second pulse train generator 112 which 

generates the sampling frequency may be of a type which 2tF c +F B ) < 2(F C -F B ) 

oscillates with a fixed frequency. The output signal from the r Fc+Fb i ' F fc+ft 1 

sampling circuit 111 is converted to a digital signal by an [ — 35 — J ~ Ni [ Wb J + ^ 

A/D converter 114 and input to a demodulator 115. 35 

The second-stage sampling circuit HI and the pulse train wncr6 
generator 112 shown in FIG. 19 may be replaced with an 

ordinary frequency conversion circuit 116 and oscillator 117 V Fc+Fb 1 

as shown in FIG. 20. The output frequency of the oscillator m = o, l, 2, . . . , ^ — 5F5 — J * 2; 

117 in this case can be relatively low and fixed, thus 40 
eliminating the need for a complicated circuit for the oscil- 
lator 

The pulse train generator 104 at the first stage in FIG. 19 F c : a center frequency of the input signal 

should have a variable output frequency to set the constant *b : a band widtn of top ut 

intermediate frequency irrespective of the desired channel. 45 3. The frequency conversion apparatus according to claim 

FIG. 21 shows a specific way of accompHshing this means. 2, wherein said sampling signal generating means comprises 

A frequency synthesizer 118 is used for the first-stage pulse a control signal generator for generating a control signal 

train generator in this modification. The frequency synthe- having a frequency corresponding to that of the pulse train 

sizer 118, which employs the ordinary FLL, comprises a signal, and a frequency synthesizer for generating a pulse 

crystal oscillator 118-1 for generating a reference signal, a 50 train signal having an oscillation frequency determined by 

reference frequency divider 118-2 for frequency-dividing the control signal from said control signal generator, 

the output of the oscillator 118-1, a variable frequency 4. The frequency conversion apparatus according to claim 

divider 118-3 for frequency-dividing the frequency of a 3, wherein said sampling signal generating means includes 

VCO (voltage-Controlled Oscillator) 118-6, a phase com- means for setting a pulse width of the pulse train signal at a 

parator 118-4 for comparing the phase of the reference 55 predetermined value. 

signal with that of a comparison signal, a loop filter 118-5 for 5. Trie frequency conversion apparatus according to claim 

smoothing the outputvoltage of the phase comparator 118-4, 2, wherein said sampling signal generating means generates 

and the VCO 118-6. The oscillation frequency is determined a pulse train signal having a pulse width whose inverse 

by setting the division numbers of the reference frequency number F P is previously set to an arbitrary value within a 

divider 118-2 and the programmable frequency divider 60 range indicated by 
118-3 in accordance with the oscillation frequency control 

signal from a controller 119. Fc + F * < Fp< F *~_ f * . 

According to the present invention as described above, N1 m 
there can be provided a radio communication equipment 

provided with a frequency conversion circuit capable of 65 where N2=£, 3,4 

outputting an intermediate frequency signal whose signal 6. The frequency conversion apparatus according to claim 

component within a low frequency band signal has a suffi- 5, wherein said sampling signal generating means comprises 
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a control signal generator for generating a control signal 
having a frequency corresponding to that of the pulse train 
signal, and a frequency synthesizer for generating a pulse 
train signal having an oscillation frequency determined by 
the control signal from said control signal generator. 

7. The frequency conversion apparatus according to claim 
6, wherein said sampling signal generating means includes 
means for setting a pulse width of the pulse train signal at a 
redetermined value. 

8. The frequency conversion apparatus according to claim 
1, wherein said sampling signal generating means comprises 
a sampling signal generator for generating the sampling 
frequency signal having a frequency F 5 less than one-half of 
a center frequency F c of the input signal and satisfying the 
following condition: 

n-F^Fc-Fj 
F c +Fj^(n+1>F 5 

F^: a band width of the input signal. 

9. A radio communication equipment comprising: 
a first frequency conversion circuit for receiving a recep- 
tion signal sent from one of a plurality of radio equip- 
ments of different frequency bands and converting the 
reception signal to a first intermediate frequency signal 
having a frequency lower than that of the reception 
signal; 

a second frequency conversion circuit including a sam- 
pling circuit for sampling the first intermediate fre- 
quency signal in accordance with a predetermined 
sampling frequency signal to output a second interme- 
diate frequency signal, and a sampling signal generator 
for outputting me sampling frequency signal to the 
sampling circuit, the sampling frequency signal having 
a frequency determined so that an integer multiple of 
not less than three times the sampling frequency is 
outside a frequency range of the first intermediate 
frequency; and 

demodulating means for demodulating the second inter- 
mediate frequency signal. 

10. The radio communication equipment according to 
claim 9, wherein said sampling signal generating means 
comprises a sampling signal generator for generating a pulse 40 
train signal as the sampling frequency signal, the pulse train 
signal having a frequency F 5 previously set to an arbitrary 
value within a range indicated by 



12. The radio communication equipment according to 
claim 11, wherein said sampling signal generating means 
includes means for setting a pulse width of the pulse train 
signal at a predetermined value. 

13. The radio communication equipment according to 
claim 10, wherein said sampling signal generating means 
generates a pulse train signal having a pulse width whose 
inverse number ? P is previously set to an arbitrary value 
within a range indicated by 



10 



15 



20 



25 



30 



35 



Fc + Fb 



<F P < 



F C -F S 
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and 
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F c : a center frequency of the first intermediate frequency 
signal 

¥ B : a band width of the first intermediate frequency 
signal. 

11. The radio communication equipment according to 
claim 10, wherein said sampling signal generating means 
comprises a control signal generator for generating a control 
signal having a frequency corresponding to that of the pulse 
train signal, and a frequency synthesizer for generating a 
pulse train signal having an oscillation frequency deter- 
mined by the control signal from said control signal gen- 
erator. 
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where N2=2, 3,4 

14. The radio communication equipment according to 
claim 13, wherein said sampling signal generating means 
comprises a control signal generator for generating a control 
signal having a frequency corresponding to that of the pulse 
train signal, and a frequency synthesizer for generating a 
pulse train signal having an oscillation frequency deter- 
mined by the control signal from said control signal gen- 
erator. 

15. The radio communication equipment according to 
claim 14, wherein said sampling signal generating means 
includes means for setting a pulse width of the pulse train 
signal at a predetermined value. 

16. A radio communication equipment comprising: 

a filter for band-limiting received signals of different 
frequency bands; 

a frequency conversion circuit including a sampling cir- 
cuit for sampling the received signal band-limited by 
said filter, in accordance with a predetermined sam- 
pling frequency signal to output an intermediate fre- 
quency signal, and a sampling signal generator for 
outputting the sampling frequency signal to said sam- 
pling circuit, the sampling frequency signal having a 
frequency deterinined so that an integer multiple of not 
less man three times the sampling frequency is outside 
a frequency range of the received signal; and 

demodulating means for demodulating the intermediate 
frequency signal. 

17. A radio communication equipment comprising: 

a first frequency conversion circuit which includes a first 
sampling circuit for receiving one of a plurality of 
reception signals of different frequency bands and 
sampling the one of the reception signals in accordance 
with a first sampling frequency signal to output a first 
intermediate frequency signal, and a first sampling 
signal generator for supplying the first sampling fre- 
quency signal to said first sampling circuit, the sam- 
pling frequency signal having a frequency determined 
so that an integer multiple of not less than three times 
the sampling frequency is outside a frequency range of 
the first mtermediate frequency signal; 
a second frequency conversion circuit including a second 
sampling circuit for sampling the first intermediate 
frequency signal in accordance with a second sampling 
frequency signal to output a second intermediate fre- 
quency signal, and a second sampling signal generator 
for outputting the second sampling frequency signal to 
said sampling circuit, the second sampling frequency 
signal having a frequency determined so that an integer 
multiple of not less than three times the second sam- 
pling frequency signal is outside a frequency range of 
the first intermediate frequency signal; and 
demodulating means for demodulating the second inter- 
mediate frequency signal. 
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18. A radio communication equipment comprising: 
a first frequency conversion circuit which includes a 
sampling circuit for receiving one of a plurality of 
reception signals of different frequency bands and 
sampling the one of the reception signals in accordance 5 
with a sampling frequency signal to output a first 
intermediate frequency signal, and a sampling signal 
generator for supplying the sampling frequency signal 
to said sampling circuit, the sampling frequency signal 
having a frequency determined so that an integer mill- 10 
tiple of not less than three times the sampling frequency 
is outside a frequency range of the first intermediate 
frequency signal; 
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a second frequency conversion circuit for frequency- 
converting the first intermediate frequency signal in 
accordance with a predetermined frequency signal to 
output a second intermediate frequency signal; and 
demodulating means for demodulating the second inter- 
mediate frequency signal. 
19. The radio communication apparatus according to 
claim 18, wherein said sampling signal generator comprises 
a frequency synthesizer for changing the sampling fre- 
quency in order to hold the first intermediate frequency at a 
constant value inserted of the frequency of the reception 
signal 

***** 
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